A brick-red-coloured, curved-rod-shaped, prostheca-bearing and non-motile bacterial strain, designated JC2236 T , was isolated from a seawater sample of Jeju Island, Republic of Korea. 16S rRNA gene sequence analysis indicated that this strain belongs to the family Hyphomonadaceae and represents a distinct phyletic line that reflects a novel genus status within a clade containing the genera Litorimonas, Hellea, Robiginitomaculum and Algimonas. The predominant isoprenoid quinone (Q10) and polar lipid profile (phosphatidylglycerol, glucuronopyranosyl diglyceride and monoglycosyl diglyderide) were in line with those of most members of the family. However, the DNA G+C content (49.3 mol%), the abundance of C 16 : 0 , the requirement of sea salts for growth and absence of cell motility differentiated strain JC2236
The family Hyphomonadaceae was proposed to accommodate prostheca-bearing bacteria that have been isolated from diverse marine environments . The genera Litorimonas (Jung et al., 2011) , Hellea (Alain et al., 2008) , Robiginitomaculum (Lee et al., 2007) and Algimonas (Fukui et al., 2013) are recently added members of the family Hyphomonadaceae. The four genera are phylogenetically closely related and form a robust and distinct clade within the radiation of the family Hyphomonadaceae. In a recent study, a bacterial strain probably belonging to this clade, designated JC2236
T , was isolated from seawater. Here we report the results of a comprehensive taxonomic study of this strain.
A Gram-reaction-negative bacterium, designated strain JC2236 T , was isolated from a seawater sample of Jeju Island, Republic of Korea, using a standard dilution plating method on marine agar 2216 (MA; Difco). The isolate was routinely cultured on MA and preserved as glycerol suspensions (20 % in distilled water, w/v) at 280 u C. The type strains of three phylogenetically related species, namely Litorimonas taeanensis KACC 13701 T , Hellea balneolensis DSM 19091
T and Robiginitobaculum antarcticum IMCC 3195 T were selected as reference strains and evaluated together.
The 16S rRNA gene was enzymically amplified from a single colony. Primers, PCR conditions and sequencing methods were as described by Chun & Goodfellow (1995) . Preliminary identification against the 16S rRNA gene sequences held in the EzTaxon database of prokaryotic type strains with validly published names (Kim et al., 2012) indicated that strain JC2236
T showed a close relationship with members of the family Hyphomonadaceae. The nearly complete 16S rRNA gene sequence of strain JC2236 T (1412 bp) was aligned manually against the sequences of phylogenetically related genera within the family Hyphomonadaceae using the bacterial 16S rRNA secondary structure model. The regions available for all sequences (positions 49-61 and 94-1438; Escherichia coli numbering 3These authors contributed equally to this work. system) showed unambiguous alignment and were used to reconstruct phylogenetic trees. Alignment was carried out using the jPHYDIT program (Jeon et al., 2005) . Neighbourjoining (Saitou & Nei, 1987) and maximum-likelihood (Felsenstein, 1993) analyses were performed using MEGA 5.05 (Sohpal et al., 2010 ). An evolutionary distance matrix was generated according to the model of Jukes & Cantor (1969) and the resultant tree topologies were evaluated by bootstrap analyses (Felsenstein, 1985) based on 1000 resamplings. Bayesian inference was performed with MrBayes 3.1.2 (Ronquist & Huelsenbeck, 2003) T and the above four species was also evident in the phylogenetic tree (Fig. 1) . Strain JC2236
T and the genera Hellea, Litorimonas, Algimonas and Robiginitomaculum formed a robust monophyletic clade within the radiation of the family Hyphomonadaceae. The monophyletic clade composed of strain JC2236
T and the four other genera was consistently recovered in all tree-making methods, but the branching position of strain JC2236
T within the clade varied depending on the method used. Strain JC2236 T formed a phyletic line between the genera Hellea and Litorimonas in the neighbour-joining and maximum-likelihood trees as shown in Fig. 1 , but not in the Bayesian tree. Thus, based on 16S rRNA gene sequence analyses, strain JC2236
T appears to represent a novel species of a new genus belonging to the family Hyphomonadaceae. 
Litorimonas taeanensis G5 T (FJ230838)
Algimonas porphyrae 0C-2-2 T (AB689189)
Oceanicaulis stylophorae GISW-4 T (HM035090)
Maricaulis salignorans MCS 18 T (AJ227806)

Maricaulis washingtonensis MCS 6 T (AJ227804)
Maricaulis maris ATCC 15268 T (AJ227802)
Maricaulis parjimensis The ranges of temperature (5, 10, 15, 20, 25, 30, 35, 40, 45 and 50 u C), pH (5-10.5 with 0.5 pH unit increments; adjusted with 10 M KOH or HCl after autoclaving the media) and NaCl or sea salt concentrations (0, 0.5, 1, 2, 3, 4, 5, 7, 10, 12, 15 and 20 %, w/v) for growth were determined using synthetic ZoBell broth (Zobell, 1941) . Standard physiological and biochemical tests were performed as described by Smibert & Krieg (1994) . Cellular morphology was examined after growth on MA at 30 u C for 2 days by transmission electron microscopy ( Fig. 2) . Cellular motility was determined by observing growth on soft agar (0.3 %). Hydrolysis of alginic acids (0.5 %; Sigma), microcrystalline cellulose (0.5 % microcrystallinecellulose; Sigma), chitin (0.5 % chitin powder; Sigma), pectin (0.5 %; Sigma), starch (0.2 % soluble starch; Difco) and Tween 80 (1 %; Difco) was tested using MA as the basal medium. Decomposition of adenine (0.5 %), hypoxanthine (0.5 %), L-tyrosine (0.5 %) and xanthine (0.4 %; all from Sigma) was tested using MA according to Gordon et al. (1974) . Other enzyme activities were determined using the API 20NE and API ZYM kits (bioMérieux). The API kits were inoculated with a heavy bacterial suspension in half-strength artificial seawater and the data were recorded after up to five consecutive days at 30 u C (for strain JC2236 T and L. taeanensis) or 25 uC (for H. balneolensis and R. antarcticum).
For fatty acid analysis, strain JC2236
T and the three reference strains were grown on MA for 2 days at 30 u C. The four strains included in the fatty acid analyses showed similar growth behaviour and sufficient cells of comparable physiological age could be harvested from the third quadrant of the MA plates after cultivation under the given conditions. Extraction of the fatty acid methyl esters and their gas chromatographic separation were performed by using the Instant FAME method of the Microbial Identification System (MIDI) version 6.1 and the RTSBA6 6.10 database. Although not listed in the MIDI report, the peak for C 15 : 0 (ECL 14.9966) was detected, and hence the fatty acid composition was recalculated taking into account its peak area. The abundance of C 16 : 0 (7.8 % of the total fatty acids) was a characteristic feature of strain JC2236 DData from Fukui et al. (2013) . dSummed features are groups of two or three fatty acids that cannot be separated by GLC using the MIDI system. Summed feature 3 comprised C 16 : 1 v6c and/or C 16 : 1 v7c; summed feature 7 comprised C 19 : 1 v6c, C 19 : 1 v7c and/or cyclo-C 19 : 0 ; summed feature 8 comprised C 18 : 1 v7c and/or C 18 : 1 v6c.
Fretibacter rubidus gen. nov., sp. nov.
compared with the genera Hellea, Robiginitomaculum and Algimonas (0.0-1.2 %) ( Table 1) . Strain JC2236 T was further differentiated from the genus Litorimonas by the low amount of C 18 : 1 2-OH (5.2 and 20.4 %, respectively).
Isoprenoid quinone composition was analysed according to Minnikin et al. (1984) and Collins (1985) . The predominant isoprenoid quinone was ubiquinone-10, which is observed in the other four reference genera.
For polar lipid analysis, the novel strain and L. taeanensis KACC 13701
T were grown in marine broth until the strains reached the early stationary growth phase. Polar lipids were extracted, purified and identified as described by Minnikin et al. (1984) and Embley & Wait (1994) . The solvent systems used were chloroform/methanol/water (65 : 25 : 3.8, by vol.) for the first dimension and chloroform/methanol/acetic acid/water (40 : 7.5 : 6:1.8, by vol.) for the second dimension.
Lipid standards (PH-9; Sigma) were used as controls. Phosphomolybdic acid (Sigma) was used to detect all lipids, molybdenum blue (Sigma) to detect phospholipids, ninhydrin (Sigma) to detect aminolipids, a-naphthol-sulfuric acid (Sigma) to detect glycolipids and Dragendorff's reagent (102035; Merck) to detect quaternary nitrogen-containing lipids. The identification of glucuronopyranosyl diglyceride (GUDG) and monoglycosyl diglyderide (MGDG) was based on comparison with the polar lipid profile of L. taeanensis. The polar lipid composition of strain JC2236 T (Fig. S1 available in IJSEM Online) was very similar to those of the four related genera (Fukui et al., 2013) . As with the genera Litorimonas, Hellea, Robiginitomaculum and Algimonas, strain JC2236
T had phosphatidylglycerol (PG), GUDG and MGDG as major components. Four unidentified phospholipids, three unidentified glycolipids and one unidentified lipid were also present as major components. ; 6, Algimonas porphyrae 0C-2-2 T . +, Positive; 2, negative; NG, no growth; ND, not determined. All strains were positive for the following tests: hydrolysis of aesculin; and activity of catalase, alkaline phosphatase, esterase (C4), esterase lipase (C8) and valine arylamidase. All strains were negative for the following tests: Gram-reaction; hydrolysis of gelatin; glucose fermentation; assimilation of arabinose, mannitol and N-acetylglucosamine; and activity of lipase (C14), a-galactosidase, b-glucuronidase, a-glucosidase, N-acetylglucosaminidase, a-mannosidase and a-fucosidase. Nedashkovskaya et al. (2013) . DData from Fukui et al. (2013) . dData from Lee et al. (2007) . §Positive in the API 20NE kit, but negative in the API ZYM kit.
The DNA G+C content of strain JC2236 T was determined by the thermal denaturation method (Marmur & Doty, 1962) . The determined DNA G+C content (49.3 mol%) was similar to values for members of the genera Litorimonas (47.1-48.7 mol%) and Hellea (47.9 mol%), but differed significantly from the genera Robiginitomaculum (60.3 mol%) and Algimonas (58.5 mol%). The results of morphological, cultural, biochemical, physiological and chemotaxonomic tests are presented in the species description and in Tables 1 and 2. Phylogenetic analyses based on 16S rRNA gene sequences showed that strain JC2236
T represents a distinct phyletic line that reflects a novel genus status. The major isoprenoid quinone (Q10) and polar lipid profile (PG, GUDG and MGDG) are in line with those of most members of the family Hyphomonadaceae. However, the DNA G+C content (49.3 mol%), the requirement of sea salts for growth, absence of cell motility, several enzyme characteristics (Table 2 ) and the abundance of C 16 : 0 (Table 1) support its novel generic position. Overall phenotypic traits also demonstrated that the novel strain is not closely affiliated with any of the previously described genera in the family (Table 1) . Thus, based on data from this polyphasic taxonomic study, we propose that strain JC2236
T represents a novel species of a new genus belonging to the family Hyphomonadaceae, for which the name Fretibacter rubidus gen. nov., sp. nov. is proposed.
Description of Fretibacter gen. nov.
Fretibacter (Fre.ti.bac9ter. L. n. fretum or fretus the seas; L. masc. n. bacter a rod; N.L. masc. n. Fretibacter rod of the sea).
Gram-reaction-negative, catalase-positive and oxidase-positive. Cells are curved rods with rounded ends. Require sea salts for growth. The major isoprenoid quinone is Q10. The major polar lipids are PG, GUDG, MGDG, four unidentified phospholipids and three unidentified glycolipids. The predominant cellular fatty acids are C 16 : 0 , summed feature 8 (comprising C 18 : 1 v7c and/or C 18 : 1 v6c), C 18 : 0 and C 18 : 1 2-OH. A member of the family Hyphomonadaceae, order Rhodobacterales. The type species is Fretibacter rubidus.
Description of Fretibacter rubidus sp. nov.
Fretibacter rubidus (ru9bi.dus. L. masc. adj. rubidus dark red).
Displays the following properties in addition to those given in the genus description. Cells are non-motile and approximately 0.3-0.661.8-4.1 mm. Many cells are nonstalked, but some cells possess one polar or two bipolar prosthecae. Multiplication occurs by budding. Colonies are brick-red-coloured on MA. Spores are not formed. Growth occurs at pH 6-10 (optimum, pH 8.5) and at 15-30 u C (optimum, 30 u C). Grows in the presence of 3-5 % (optimum, 3 %) sea salts, and cannot grow on ZoBell's medium lacking sea salts supplemented with NaCl only. Reduces nitrate to nitrogen. Does not produce indole. Acid is not produced from glucose. Does not assimilate any carbon source in the API 20NE kit. Decomposes aesculin, starch and Tween 80, but not adenine, alginic acids, crystalline cellulose, chitin, gelatin, pectin, hypoxanthine, L-tyrosine or xanthine. Positive for b-galactosidase (in the API 20NE kit), alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin and acid phosphatase activities, but negative for b-galactosidase (in the API ZYM kit), urease, arginine dihydrolase, lipase (C14), a-chymotrypsin, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, amannosidase and a-fucosidase.
The type strain is JC2236 T (KACC 16935 T 5JCM 15585 T ), isolated from a seawater sample from Jeju Island, Korea. The DNA G+C content of the type strain is 49.3 mol%.
